

























方鉛鉱 PbS，黄銅鉱 CuFeS2，褐錫鉱 Cu8（Fe2+,
Zn）Fe3+2 Sn2S12，錫石 SnO2，藍銅鉱 Cu3（CO3）2
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北川隆康：兵庫県多田銀山におけるヘビノネゴザ中の重金属分析
Abstract
A fern Athyrium yokoscense grows gregariously at a district near the mine at Tada-Ginzan in Hyo¯go Prefecture,
where a now closed mining town was developed from ancient times. Being one of the indicator plants, this fern
has tolerance to the heavy metals, such as lead, copper etc. A vein of ores containing copper and silver runs at
the district. The metals in A. yokoscense were analyzed with the methods of atomic absorption spectrometry and
X-ray fluorescence spectrometry. As was expected from the plant character, many heavy metals, mainly copper
and iron, which are components of ores in the soil were detected. Silver was concomitantly determined at the
ppm level in the fern. Silver which is not an essential heavy metal in plants was found in A. yokoscense but it
was not detected in the fern Dicranopteris linearis growing at the same site. Athyrium yokoscense is characteris-
tic as an indicator plant with a capability to accumulate heavy metals including silver.









































①試料調製：試料（灰化物では 2.0 g，土壌では 6.0




圧・管電流は 50 kV, 50 mAとし測定。分光結晶
は LiF。他の元素では，50 kV, 50 mAを最大に，
元素の種類に応じ調整した。分光結晶は LiF,







・根，葉部の各試料中 46.1 ppm, 75.4 ppmと定量
された。これらの定量値を灰化する前の試料（乾燥
試料）中の量に換算すると，玄能間歩の根茎・根中
では 7.3 ppm，葉部では 1.7 ppmとなり，瓢箪間






















Weight of dried sample
Leaf 300 g
Rhizome and root 250 g
Leaf 270 g
Rhizome and root 270 g
660 g
Sampling date June 30, 2002 March 3, 2001 March 3, 2001
Table 1. Ferns and their materials studied
In Genno¯ Mabu samples were obtained by separating and collecting leaves, rhizomes and roots from stems of 25
plants. The samples collected in Hyo¯tan Mabu were obtained likewise but from 22 plants and some leaves were
added from other plants also.































を最大に，Cd, Mn, Pb, Zn, Ag, Ni, Zrの計 9種類
が観測された。銅，鉄は実試料（乾燥重量）単位で
660 ppm以上に達する。蛍光 X線スペクトルの Ag
のピークを示したのが Fig. 1Aである。Agの Kα
線（ピーク 1），Kβ1線（ピーク 2）が明瞭に観測さ
れた。一方，植物に付着した土壌中の重金属類は，







出されている（Fig. 1A，ピーク 3, 4 ; Table 3）が，
土壌中では Cdが検出されなかったことと，植物の
方に Cuが多く検出された（Table 3，実試料（乾


















Old mine, Genno¯ Mabu
Plant : ashed sample
Soil : powdered with Method 1
111.0 20.9 55.7
Old mine, Genno¯ Mabu
（Plant : dried sample）
7.3 1.7
Old mine, Hyo¯tan Mabu
Plant : ashed sample
Soil : powdered with Method 2
46.1 75.4 69.0
Old mine, Hyo¯tan Mabu
（Plant : dried sample）
1.6 4.5
Dicranopteris linearis
Old mine, Kanaura Mabu
（Plant : dried sample）
<0.2
（under detection limit）
Table 2. Determination of silver in Athyrium yokoscense and soil by atomic absorption spectrometry
Determination of silver in Dicranopteris linearis : The ashed sample showed response under the detection limit
by the method, 5.0 ppm. The analyte in the ashed sample was concentrated to 30 times concentration of the dried
sample.




Rhizome and root（Ashed sample） Soil
> 1%
Heavy metal Cu, Fe Heavy metal Fe
Other metals
and elements
Al, Ca, K, Mg, B, C
Cl, N, O, P, Si
Other metals
and elements
Al, Ca, K, C, O, Si
0.1－1%
Heavy metal Cd, Mn, Pb, Zn Heavy metal Cu, Mn, Pb, Zn
Other metals
and elements
Ba, Na, F, S Other metals
and elements
Mg, Na, Ti, F
0.1% >
Heavy metal Ag, Ni, Zr Heavy metal Ag, Ni, Zr, Sb, Sn
Other metals
and elements
La, Rb, Sr, Ti, Y, Br Other metals
and elements
Ba, Rb, Sr, Y, Cl, P, S
Table 3. Determination of silver in Athyrium yokoscense and soil from Genno¯ Mine（semiquantitative analysis）by
X-ray fluorescence spectrometry
In the Table, the percent values of metals in rhizome and root means the concentration in the ashed samples af-
ter ignition. When the percent values are converted to the concentration in the dried sample of the plant, they
are not less than 660 ppm, 660―66 ppm and not more than 66 ppm, respectively.
Fig. 1. X-ray fluorescence spectrum of Athyrium yokoscense（ashed sample）and the soil to detect Ag and its region.
A, Rhizome and root ; B, Soil. 1, Peak of Ag Kα line ; 2, Peak of Ag Kβ1 line ; 3, Peak of Cd Kα line ; 4,
Peak of Cd Kβ1 line ; 5, Peak of Ag Kα line ; 6, Peak of Sn Kα line and Ag Kβ1 line.
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作り，無害化することによると報告されている（モ
ーア・ショップァー 1998）。Grill et al.（1987）は，




は異なり，多いものから順番に，Cd, Pb, Zn, Sb,
Ag, Ni, Hg, As（HAsO2－4 ），Cu, Sn, Se（SeO2－3 ），
Au, Bi, Te, Wを観測した。これにより，銀による
フィトケラチンの誘導は，重金属類のなかでも強い
ことが示唆された。実際に，Mehra et al.（1996）
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